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m^m 1 1 

:iumm^ titn^j:^ ^m^m ^m^^ xmMiw^mm^<D—u (^^^y ho^^ mm -f^m^ 

[W*:^ 3 ] 

(Diumm^j^.t (DMA--^- ^ V y vmmi^^kmL^ mm^mR^y vmo-mA^^-^ v y 
m^m 5 ] 

^m'^f^fzmmm^(Dtm\fiy y^^\^-fhn^\^y hfij^tpt 
m-im. 6 1 

MMS E (Minimum Mean Square Error) M»=Sr^f d ^ ^-^rn'm^-^^Wr^ ^ 

mmkm^T-y-ft^ 

IttB \^fzmmt^:^^z.n^B■t^ ^y vm^^^tM ^£y V-^l ^-f^DK^ir^ 
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mim. 8 ] 

mim 9 ] 
mi^-m 1 0 1 
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[0 0 0 U 

[0 0 0 2] 

o 

[0 0 0 3] 

ViJ' 1 RTfMiM^n^B(Dr-! Vi^Mt-^2 ir^LTB P S K (Binariphase Phase S 

hift Keying) P S K (Quadrature Phase Shift Keying). 1 6 Q AMCQuadratureAmpl 

[0 0 0 4] 

hm^ryy-i- 1 Qi)-h\rmtm^B(D^mm^sifimMt i.xn%^^fi^o 

[0 0 0 5] 
[0 0 0 6] 

1 9 ii. Kjf 14.18 ^^tt^-r -1. ^ J; J9 . mfefe-^A<^ 

^i^r4 V Mi-^ 2 0 Rrfmmm^B 'D^mr-i v Ms-t 2 i^#^o ^<^i:§. « 

1 9 Ji. 1 Kyy^^fiX^^^^ Ja d t-. Mlt^^^ (ML D : Maximum Like 

lihood Detection) t-fi^^o 

[#^#l^^:fcK 1 ] h U - i5''-7'^U ^ . i/- • — >- 1 9 9 9. 1 0 

38^^ 9^^> 1999^ (IEEE WCNC 1999, pp. 1038-1042, Sep. 1999.) 

mmm^^'lk l j: ^ t i- ^ um] 

[0 0 0 7] 

m^. Mxm&M 1 dxMLD^n'ymK. 16x16 = 256 momm^-^.^. t . sfe 

QAM^^-ofz^^Kii. ft*^»l 9-eMLD=lrfi^dl^t3. 64X64 = 409 6'(i 
[0 0 0 8] 
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[0 0 0 9] 

o ^ ^> ^ s ^ ^ ^ 1 > ;t:K^-^ t {± M >^ ^ ^m.-yjm ^ m 

o 

[0 0 10] 

[0011] 
[0 0 12] 

i <t Mffi "e, {f-^-fe M*i (T)'©^.'^, K^m<^ ^ 4- ^j-o a^j^t k 

[^H^o^ij^] 
[0 0 1 3 1 

m.mxm ^ ^ t ^^xd ^j:mmm^^'Bi^-r^m^mm: 

[0 0 14] 
[0 0 15] 

(mm<DMm i ) 

4 Vi'Jum^i 0 1 ^A^J-t^ 1 1 0 t^T'V v^;Hs-^i 0 9 

[0 0 16] 

1 0 2 7=v v^;v>fi-^ 1 0 1 . -7 v~J^mMn^ i i 8 ^Atifc ^ 
A#^>ft-^l 1 ZK'Lfzii^oX'r^ 0 1^^PL> itLtc J; i9#f^^-7;/'^- 

> 1 0 3 1 0 4 ic^m-t^o iSffc^ 1 0 4 {±. ^-T.J^y HH^ 1 0 3 

itLirJ; i9#7ti£t§:$tL/i^->^./^'>' KM-i-1 0 5=l-ismfI51 0 6-^ 
3tm-t'&o «fM 0 6 f±. U.%L^iifz^~:^^^y F«-^l 0 5 tcJSr&Wm> iite'^ 
*:!^-rii:i^i ^Ii##l 0 7^#;i>o ^M'lH-^l 0 7{i. T>7^-^1 0 Sii^hm^ 

miE# 2004-3115805 
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3/ 



[0 0 171 

^Mfisi 1 0 ti> T-v vi$^;vjt^i 0 9> yu-j^mjl^is-^i I s^XUtL. yu~ 

^m^m-^l 1 8KVfzif/^-oXr^ 'J^ 0 9«:^PL. i tttc J; 

V Kjf-^ 1 1 1 1 1 2'--Mffi-r^o 1 1 2 {4. K^fs"^ 1 1 1 

^tLjc J; ^#fcl£t5c$:J^/c'^-x^^'> 1 3 1 1_4^ 

m&ir^o MBUl 1 4i4. «^tL/i-^-;^/^'^^ Kjf-^ 1 l 3 KM^i^B.^^. lite^&fc^ 

^M-rctm; ^min^i 1 5 ^#^0 1 5{±. r>Ti- 1 1 e:A^hmm. 

[0 0 18] 
[0 0 19] 
[0 0 2 0] 

m2iiz^ mm^wi 0 oo#T>T-^ 10 8. 11 6-^>hmm-^ft^Mmin-^<7)yi^~ 

i^^WiW^s^Blt. f^^:t-;VftS<7)/ci6(7)-f-^^-^;V^t^v>JJ^~;V 2 0 1 . 2 0 3 7-'- 
i$'v>'K;V 2 0 2 . 2 0 4 t^mir^o mm^Wl 0 Oli. Ill 2 tc^-T i d A« 
^ <^ ^mm^ A t B t * i5 iwi BtM iciifli" 5&*3^^^;vafe<^/cA6(^->> 
.i^*;v2 0 1 :S.t;'^2 0 3 f±> ^-^4 hz^y^}^. zL=.-^v- h\ T^V T:^-^;vtiif^i 
i: -t? § o 
[0 0 2 1 ] 

m3l,Z^ :$:«(^m-,OSjt^*<^«^^^i"o g«^«3 0 0 ti. 2O0T>'7=-^3 
0 1.31 1 -t?#-t=lr$'ft-r^o 
[0 0 2 2] 

iEM3 0 3(4. 0 1 -C-^ltLfc^ifjf-^S 0 2^XlJtL. ^imim^ 3 0 

f|53 0 5 t^^lim-t-So iti£W3 0 5{4. K-jS-^ 3 0 4 =Sr3tteiS:L. CltLtcJ; 

i9#fc3S&l£tS:t^o^-;^/N'> K«^3 0 6 =lrm:^j-r^o 

[0 0 2 3] 

^fl'ff^AO^^^;V«lifefP3 0 7 {±. iti£tfef^<^^-;^^^">' K-fs^S 0 6 ^Xtl 
tL. M^i£. ia2o-7V-A«tci3tt^«'ff^Ac;o^^:t-^;vtife'>>^';v2 0 1 =^ 
Mv>T^^^;v^Ilj=lr^i5eL. itLir J; i9 tfTt^M'ff -^At^-^^ ^;v^t(l'fs-^ 3 0 8 
-t^af|53 2 1 f::Mmi-^o Wim.K. mmm-^B(D-f-^^-^}V^W}M^U3 O 9 14. ^tl^tJ: 
^i^(D^-7.^^y Vm^3 0 6 "kXt! tL. i?!!x.{f. H 2 co 7 1^ - A «^ js It ^ ^fH^s 
B(7)^^^.;v5i^->>4<;V2 0 3 "tm^^X^^ ^J^^m^MM\^. :ziUzX i9#/c^li<s 

-tB<7)^^^;vM'©-^3 1 0 ^m-^^MU3 2 1 i-atmi-^o 

[0 0 2 4] 

«f[5 3 1 3 a. T^T-^3 1 1 -C>S«Lfcg'fs#-^3 1 2^X:^7tL. Sjaft-^ 3 1 
U3 1 5Kmmir^o M&m3 1 5(4. Vm^3 1 4=lrMtfeL. itLirJ; 

[0 0 2 5] 

^mit-^A<D^^^)V^W}B^^^3 1 7 54. 7ttetS:|*(7)^-y^7t> Kft-^S 1 Q^Xt) 
tU. -Pflx-f^. 1112C):7V-A#j^tCi3tt^M'ft-^AC0f-^^wva^>'>''}^^JV2 0 1^ 
fflv^-C^^^;v«=^^i^U. itLHJ; i9#/c^ii'©-^A(^)f-^^;v«'(B-i-3 l 8 =lrM 
-^^!!LS^3 2 1 tc3iffl-r;i>o IWIIHtc. '^fll'ft^B(75^^^-^;v««^tl5 3 1 9(4. MiKWi. 
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3 2 0 "kXtJt L 



[0 0 2 6] 

m-^ismU3 2 1 {±. «t5:f^o--?->!.^N^> 0 a 1 e 

^^V^Hj'ff-f-S 0 8. 3 18. ^miW-^'B(D^^^-^)^^W}im-^3 1 0 

v^;v#-^3 2 2 . mmm-^BtDr^ z^^^}vm^3 2 3 ^n^o m-w^Mm3 2 1 c7)#,ia 

[0 0 2 71 

1 0 8 /^^^i^'^H$^^^'^f-^^T X a (t). T^t"-^ 1 1 6 ;^-i^52l{t$:}x^'ff-^^T x b 
(t) h S«^M3 0 0<7)S«T>'7^:^3 0 l-eS'ff^tL^'ft-^^Rx 1 (t).S 

h 2 2 ( t) ti-;i,o -r^ 



>(aT>x-^3 1 1 -e$'fi$tL<l>#-^=SrR X 2 (t) 
'r^^h Il(t).hl2(t).h2l(t). 







/ Rxl(t) \ 






\ 



Mi(o m(OYrjcfl(r)\ 



(1) 



[0 0 2 8] 

111 6 A. ill 6 B tc, #^Bifi5 102> 110-ei6 Q A M (Quadrature Amplitude Jlodu 

lation) ^n':>fzm^<Dmmm^A t ^mm^B(Dm-^-}^Mww^ y vm^ mx ^mir_ 
o m 6 Ai)^^mm^A(Dm^miMRTf^ y vm^mx-^^^^ . m e b :^mmiB^B(D^n 

^^m^mxhfi^o ^<Dmm(ojff.mxit^ mm±. nmm-WA(7)iiy-y^)iyizm^mxh 

tL;5> 4 h ^ (S a 0, Sal, Sa2, S a 3 ) fc|Bi£L. ^P-ff-^BO 1 v >.i^';V 
KM^MX htii, 4\£y h^t (SbO, Sbl, Sb2, Sb3) fclB^E-T^o i-^:b*> 
. (SaO, Sal,Sa2, Sa3). (SbO, Sbl,Sb2, Sb3){±>^tL 

(0, 0, 0, 0) (1, 1. 1, 1) <^ 1 easo^it^iiSo 

[0 0 2 9] 

11 6 A. H 6 B(Z) J; 9 ^'^P'ft-^A. ^M^-^BTJ^n 6 Q AMO^; #-S$^"C$^s 
$afc$«'ft-^iC{i. 1 6 X 1 6 = 2 5 6 j^om^.^.:^^^^'^^ ^ t \Lti:h^ ^CO 2 5 6 
-'S<7)jt^,i±rj;ov^TC0 I -Q^mt;:felt'2.ffiS«-^,'S;{±. HI 3 <^^il«-^ AO^ ^ 
lll>ff-f-3 0 8 ^p>R-^BO^^:^^;V^ifr#^3 1 0 t5&^e>»^-n t5j)^t?§^o ^<^'fB 

[0 0 3 0] 

|l|7C0M*{i 2 5 6."^.C0«^#-^.-^.^^1-o tfzW^7 0 1 IH 3 cOit^f^'-^-y^ 
Ht^3 0 6 ^#-^.#.'^^1-0 2 5 6,'^,0«^«-^.'iCt^t«mo^-7; 

t^-t7 0 2{i. (SaO, Sal, Sa2, Sa3, SbO, Sbl, Sb2, Sb3) 

{0, 0, 0, 0, 0, 0, 0, 0) (Dmmn^j^x^^^ m7<Dm^. ^m^7oi 

tLX (0, 0, 0, 0, 0, 0, 0, 0) ^n^^t-i)^X^^o 
[0 0 3 1 ] 

;icox^ KLx^ ^r&^^f d ^m,^.t 2 5 6 j^.(Dm^m^.^^x<Dm<7)m^.^3nm. 
nsff (i£^)^#'i475mv^7-'-^) "kn^^t-fy^x^^mj^.-^^^^o (1) ^<^p# 

tb|iE# 2004-3115805 
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[0 0 3 2 1 
[0 0 3 3] 

1114 IC. 3p:^m<^m^<^S»*3 0 0<7)#m-e2b'2>«-^^2kafl5 3 2 1 (^MW^TJ^ 
-To 

[0 0 3 41 

^S-WS 0 7i±. ^pjf-^AOf-^^;V^t|j«-^3 0 8 . 3 1 8 . ^m^^B(D^^^ 

T^nmt^ 3 1 0. 3 2 0. m.mm<D-<-7sj^y Kit 3 o e . 3 1 e ^A^J h L. ( 

1 ) ^<Dmfmmn-^'ir ^ - ^ ^m^t xa (t) . Txb (t) o«^ft-i-sr# 

^If >y h*mfl5 5 0 9 t'^mi-^ t^tc. ^p'®-^B<7)^|^^-^/^'> K«^5 1 1 
[0 0 3 51 

^^:-tr^»5 0 7 b #0^^15 5 0 9. 5 1 2 ti. ;t:Mtv& JiM^ 

^•^^^V^T^P^-^A. BO-f|5(^^f^;' b<75^=^mP1-^il5^'i'-> >mPfl5 5 5 0 =|-« 
^i-^o '^isr^r^ifecom^-eii. ^ W 5 0 7 tr (1) ^coiS^T^iJ^S^^tr d *^^t^ov> 
xm^^i)\ fiJxtfMMS E?S#^^f oT«<7?^PI4f^7&^^?I$^'9'^o/cS<B<S-^=Sr#^ 

[0 0 3 6] 

h ¥0^^15 5 0 9 . 5 1 2 (7)Kj{^ trover m0^1"^o gP^e-;' hflStl55 0 9 t 

tri±^P#-^At;:ov^-C<;0t|5^e-;/ h#lj^f|5 5 0 9 OU^JCOV^TmBJi-^ o 13 8 A(±. 
1 6 QAMCO 1 6l@0>ft-i-.'^, (iyv*';^) <^ffiM<^lB«*7J^bTV^^o ^fti)--h i^^ii^^ 
J; a t^. 3gpffi-^A<7) 1 '>>'#;V^«1-^ 4 > (SaO, Sal, Sa2, Sa3 

) ti. «-^;^fi«t::J:-:>"C ( 0 , 0 , 0 . 0 ) ^^-^^ ( 1 . 1 , 1 , 1 ) (T^v-'TtL^a^Olil^Sr 

[0 0 3 71 

y hf!]5efl5 5 0 9 {i. 'SP«-^A<7)K^'-?-^^-^^>' hMs-t 5 0 8 ^Atl t L. ^ 
il>fi^AcD^iS^-;^/-^~> F'ff-^5 0 8/^)^ 1118 BtrTKi-Tlitl K^^\^X\>fzm^S a 
0=1. flit 2 tC#;teLTV^f^:^^S a 0 = 0. LTV^fc-g- S a 2 = 1 . U 

m.A tl^^ L-CV^/im^S a 2 = 0. ^Jt5 tc^ft LTV^/c:lf'g-S a 3 = 1 h^^V. ^ 

Si5 5 1 2{i. ^li'ft-^BcDm^-^-;^^^^^ >Mb^5 1 l^Xt^hV. ±.m.hnU<om^'^ 
fr^^tX\ ^ii>fs^B<D?^^$tL/cf|5^e>y Mtm5 1 3=lraitl-r^o 
[0 0 3 81 

i^-e. 1 h =^^^i-'2)fJJt'lr|118 B(D J: •? t'^a6fc:3ffifiti> SaO. Sbl. S 
a2. Sa3(7)d*>llI8B<:0J;d K^ibtz 1 e^;/ h (i^ 3 Y tjrb^L. lELv^RTtg 

[0 0 3 91 

^l'. -IS-^jiCBll^SP 5 14.51 6 cOt&fPi-OV^Trai-^&o 'fs-t.MMflJS 1 4 t±. 
^M#-^Aco^-Y^>;vMa^'ff-^3 1 8. ^pm-^Bof-^^wv^tijJi^^s^S 2 0. 
^P>ff^A<7)-^^$tL/c^^e^7 Mtf|l5 1 0. ^Pffl-^BO-^^$tLfcg|5^e>7 Mfm 
5 1 3^A:t3i-r^o i^-cMt^.-SIUM^^f^^v^^'^lcti. ^pfe-^AOf--Y^;v« 
fiS'ff^S 1 8. ^p'»-^B<^^^^>'V^iil^i^'fi-^3 2 mi<0^nj^. 256 

^tLTtflJ^li'^;' Mf^5 1 0 25.t;'^'3£il«-tB<^^fe^$tL/cf|5^lf >7 Mtfli5 1 3 =Srffiv^S 

aiiE# 2004-3115805 
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^tX\ mm(D^^ 1 h-f^(75v*^tfm (ft 2 If -7 h) Y (2 5 6 

^.(Dm-^,^.) (Dd%8-2 = 6}^yh (64 Hcofl-^ *J ^ ^ o 

[0 0 4 0] 

^p'©-tAO^^^tL/cf|5:^ey h'|f#5 10i:L-CSaO=l <^1f*|l>&^ ^ 

M^BO-^^^:}xfcf|5^e-7 h'ltfiS 1 3 h LTS b 0 = 0 O'lffRTj^ ffi-^^WUMfP 5 
1 4 ^rA^I$^^/c^(7)fci-^o 1-^^^ -^,'5;WlJ«t^ 5 1 4f±. 2 5 6 i@<75|s-i- * (0 7 
) (Dd^. S a 0 = 1 ^^^S b = 0 cO'fit^lX^^vMt-^.'^.^iliJl^'t^o ^tO^ttiJ:^)^^ 
«'«^.#.*6 4lilt-fj5^T'i. #-^.'^WlJMS!5 5 1 4{i. ^<D6 4 >fStC'|t-i-.^Olf #«-WlJ^ 

^k<Dm-^^.mWi5 1 5 tLxmij-r^o m-^Mmu5 1 6f±. ^pfe-^Aof-^:^^;^^ 

M-t3 0 8. ^mim^B (D^ ^ ^-^ JVmmim^ 3 1 0. ^p'fH^A<^^^$^x/if|3^3'if ^ 
Mf$&5 1 0. ^fi4t^B<7)v*^$:n.fcf|5^lf-;/ Mf$&5 1 S^XtltL. ±i^i:|WI#<D 

[0 0 4 1] 

xmm&U5 1 8 a. MiJi:m^o^-:^^^y vm^3 0 6 . 3 1 6. mmk<^im^j^.-m 

#5 15. 5 1 7^Xtltir;Bo -?-Lr. WlJ«mo#-^.6;it# 5 1 5 :5:^f^temm<7)^- 
7.^s->F«-^3 1 6^^h. HI 9 o^i^^tf 'g.o Ii9ici5v>-c. ittetkt^<^^->^^^^> K'te 

^3 1 6>^^'^-^7 0 1 ■e^-t«-^,'iCT'^ J) . WlJMf^<^«-^;^'lt#5 1 5 6 4 

'fi<7)'fH-i-,^.t?^;|.o ^LT. ^Mt»5 1 8{±. 6 4 ^(T^j^M'fW-i-.'^.^iittemf^cO^- 
m^^MWi^ 1 7 2g.r^^t«m(^'^-^^^'> F«-^3 0 6 6 A ^(ommm^M^tm. 

[0 0 4 2] 

-€-LT. ^M^M5 1 8(±. y'yy^^ h V ^;'^Xtr9>-^^ y^Y^m^^X 
. :fcS<^ft^>;Sv^m^j8 tf h ^itLtr^p'B-^AO-r^ v^iS^^V'B-^S 2 2:;g:^>*'^ 

^#-^■6(75 7^^ v^Mf-^ 3 2 3 hL-cm:tJl-^o H<^i::. HI 4 <7)M-e{±. ^Mtr&SP 5 

1 8;6^ '^i)i#-^A. ^M-^BOf-V v^Mt-t3 2 2 . 3 2 3 =|-^^LT (^^Ijtc) 
[0 0 4 3] 

z^yif^)v^mwL^z>mM^-y }-(D^%(DU6^\£y y^m^-thn>^^y vum^i^ sot 

. #!lfe$tLfcf|5^tf h ^fflv^-rM«^.'^^WlJ«1-;i>'fi-^J^WlJ«fK5 14. 5 1 6 fc> 
;WS-^ 3 2 2. 3 2 3 ^n^lL-M^^^^^ 5 l St ^mf^ X^jl^zLtz^tKX 

i9. itmm4^^-^£m^Mmxm^mfi^^^Ji^^'oK\^±L%^^mmm3 0 o^mm.x^ 
-fi-^-h-h. -xMW^n^ i 8x\t. mw^^i'^fMm%^M.^m^^^<^x. zL-^^ y 

[0 0 4 4] 

(i) hflJ^g|5<^'flfi<7)MM 

±7i^Ltimm<Dmmxi±. y h m^u 509. 5 1 2\zx^x h-r^\£y 

h^lj^^^f d i tT\ ^t-^.>^.]|IJMfl5 5 14.51 6-e-?-tL'rtLft2 e-;/ h c7)'f^«'fB-^;^,i5: 
coiJ-il^^^f ^J^-^i^iov^TmBJL/io iei-eti. ^I5^5-tf-7 h#!J^f|55 0 9 . 5 1 2 irJ:o 

T 2 e h -f o e y h ^ijS'^^fT v^tx. m-^^Mmm 5 14. 516 •c-e-tt-rtLft 4 If 

[0 0 4 5] 

£ii|E# 2004-3115805 
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mi 0 A. HI OBt'. m7(DW^^\£y Vm^mb 09.51 2i;i3V^-r. 2\£y 

oWh^-^ hfijsfi5 5 0 9 (Dmm^<^^^xmm-rz,. mi oai±. 1 eQAMo^eii*^ 

1 V > *';V*«-t-'2> 4H^>;'h (SaO, Sal, Sa2, Sa3) it. ^m^.^MW:li^ <£ 
oT (0. 0, 0, 0) 75-^ (1, 1, 1, 1) c7)V^-rn.;^-cO'(it=lr 
[00461 _ 

h«^^5 0 9 {i> mmm^A'^m^^-^^'^^^ HS^ 5 0 8 tL. ^ 

^i^^A(Dm^^~^'^^'^ Fffi-^S 0 8^^ HI 1 OB(Dm§.'^mtfifzmmi IZ^^-t^h 
Sa0 = 0. Sa2 = l t^^k^L. WM2 K^^-^&m-^. S a 1 = K S a 2 = 
1^ mmSK^^-r^m^-^ Sa0=l. S a 2 = l. «4 S a 0 = 

0. Sa3 = l> mm5K^^ir:bm^. Sal = l> Sa3 = l> mMGK^m-r^h^m 
SaO = l. Sa3 = l. mM7 iz^^-T ^m^. Sa0 = 0. Sa2 = 0.|Iit8 

1, z:^^i-Z>tM-^. Sal = l, Sa2 = 0. ^Md iz:^^^ ^m^. S a 0=U S a 2 

m^^y ymm5 1 otLrmtur^o m^^y vm^^B 1 2t±. ^mm^Bom^^ 
fifzu^^y vmWiS 1 3 ^mti-f^o 

[0 0 4 7] 

iiX' V't-^k^'t^MM^Ml OB(DX^K^^fzm^it. SaO. Sbl. 

S a 2. S a 3<^^ t)|lll 0 B <7) J: ^ 2 t'-;/ htmi? 2 e^;; h hjrt^L. JLV> 

[0 0 4 8] 

fc^. Mmm-^A<D^M^fifz^»^y M«#5 1 0{i2e'7 ^lijW-i-BCO-^^^tL 
y>,g|5^e>;^ h'ltfll5 1 3 ii2 If h ^^fj^^ nTV>;i> /c46. 8 h (2 5 6 ,^.<Dim^,^ 
) ^ 8 - 4 = 4 H^-^ > ( 1 6 jicT^jf^.ii;) (D^i}^m^^t^j:&o ^fiKX^. imUm 

^r^^i emizmmx^^o :l(di emizm^.^^ommmm^om^.^Mmttj::ho u 

ma«^$^t'I'J«-ei^o fzfz\^. >*IJfef|5 5 0 9. 5 1 2 T'^^-r^Hy 

h ifc/Oni £ ^ h . S-fB K:«>^'^'fb-t ^ i: ^ o 

[0 0 4 9] 

( i i) -7 ^ ^ V T:^^^<7)jftffl 

^liT-ii. :zp:|&B^^, '^;vf-^-Y V T;^^l'®ffl-r^«f^<^«^1^J*®^^^"^^°,^^^^ 
^ -Y V rl37^^ LT O F DM(Orthogonal Frequency Division Multiplexing):^^^>ffl 

fzm^'k^tizmM-f^o 

[0 0 5 0] ^ , 

igi 1 u'. mmmw^m^-^^-to 1 1 o o t*. m.mm 1102 ict-m v^;v 

^^=.1 1 0 1 =^A^Ji-^i:*t^. ^TOl 1 1 2\zr^V'^^Mn^l 1 1 1 ^Xtiir^o 

[0 0 5 1 ] 



'^pfP 110 2. 1 1 1 2 ti. ^MfL. f-V ^^'iJ'Ml-^ 1101. 1 1 1 1 . -7 V"- 
1 2 2=^A^Ji:L. ^V-A^^^t^l 1 2 2\Z\^fzi}^^xr4V^)V\m-^ 
110 1. Ill l^^liL. ^tt^rJ;^)#/^-<-;^^■^->F«-tl 103. 1 1 1 3^v 

i;T;v7N"9v;v^mfl5 (s/p) ii04. i i i 4 tc3^m-r^o v t;v/n°-7 v;v« 

fM10 4. 1 1 1 4tt. -€-tL^^tL. K«-^l 1 0 3. 1 1 1 3=I^>'VT;W^° 

9V;w«L. itticj; ^}#/c/N-7V;V>«^l 1 0 5. l l l 5 =g:m-7- ( i 
dft) 1106. 1116 timffi-r^o J^^mSM 10 6. 1 1 1 6 a. ^tL 

-rtL. /^°9V;^>g-^l 10 5. Ill S^^-'J.:!:-^^^:^^. «1 tLl' i ^) tffc^t ^ - 
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V J^Mf^Ojf-^ 110 7. 1117 ^mWiU 1108. 1118 tC^tB-t^o 1 

10 8. 1 1 1 8 ^i^nu My~'V:^^mk<^m^i 107. 1117 ^zm^m.^ 
m^mu^j:t^^mir^tKx^. ««-^i 109. 111 9^#^o ct^-^i 1 

0 9. 1 1 1 9 {i. -g-tL-rtL. T>xf- 1110. 1120 ■^■^hm.'i^t Lrmti^fi^o 

[0 0 5 21 

itLtci ^. ^ryr-i- 1110. 1 1 2 0:^-hlt. ^MlU o FDM^fw-f-e^^^ 

mm^i 1 0 9 ('^li'ff^A) t^mm^i 1 1 9 (^pji-ts) ij^im-^i-^^o 

[0 0 5 3 1 

^^-e7 V-AS^M-^^^flSl 1 2 ll±. 7V-A«^0'ltf|l^-7 V-AW^^B-^l 

1 2 2 tL-CffitJi-^o 7V-A«^J^. mi 2 A. mi 2BtC7K-to HI 2 A. Hi 
2Bi±. 7 V-i^M^0fPBl-Ji«tt^^^L7t^><^t:^^^|ll 1 2 A{±«>fi-^AC0 7 
l/-Alt^^^L. Ill 1 2 V-A^^^-To — Mfc LT^^i; T 1 
yfj^t^^^y) T 5-e«^$tLT:^^=^:^Lfv:o jWI— «J<^i>>'5K;V{±|^B#lCil|>te$ ttTV^S 
^ o h -r o ^ jsMiat?^ L/i^^M n h V >- 1 2 0 1 {±. SM-e-f- ^ ^ 

^js^fi-e^Lfci 2 0 2itr-'^'yy^Jii''tm-to 

[0 0 5 4] 

HI 1 3 I'. $'ff^e<7)«^^^i-o ^«^®3 0 Oti. 2 ocOT^-T-^ 1 3 0 1 . 13 

1 1 -e^-^^^ff-r^o 

[0 0 5 51 

it|tfl5 1 3 0 3 {i. T >'T--^ 1 3 0 1 T'^W Lfc^Mfe-^ 1 3 0 2 ^Atl t L. ^^Wfs 
-^ 1 3 0 2 t'J^r««^ t^^ML. ^MZX ^nfz^-^^^^-^ 1 3 0 4 

^^m^ (d f t) 1 3 0 5 t;^^tiii-^o -7- V J^«fpi 3 0 5(±. Vim^ 
1 3 0 4 CitLtiJ; V^^M^co-ft-^l 3 0 6 ^miJ-f^o 

[0 0 5 6] 

^Pffi-^AO^^^WV^MS^M 3 0 7 ii. 7 - y j:-^1^fl:<7) jH-^ 1 3 0 6 ^ Xtl t 
L. HI 1 2 A(75^pffi^AO^^°^ n ^ v>:^';V 12 0 1 «r^v>T. CT'fs-^ A<^^ ^ ^-^ 
;v^S{l^^^ U T 1 ^e^^ib^^ V T 5 ttr. -etL-e^tL^^i). ^P'ft^A<7)-5^^^.;v^S()jH^ 
^ 1 3 0 8 (^^ U T 1 ^-ib^^i; T 5<7)'e-tL-PtL<^^i^'lB^-r«^$ttTV>^)_=Srffitr 
i-^o |W!«fttC. ^Pffi-^BOf^^^^V^Hj^^flSl 3 0 9(±. 7 - V ^^mm'T^'fS^ 1 3 

0 6 "tXtl tL. mi 2 BO^P'^S-^B<7)/^M uy y v>53f;v 12 0 1 =Sr^V^>T. ^pfe 
-^BOf^^^;v^ii=&^^ V T 1 V T 5 tt?. ^tL'eix^i6. ^li^-^BO^^ 
^ ;V^iij'fS-^^ 1310 (^^VT1>6^^^-\'VT5 O-g-tL-PtLOti^jf-^-C-m^^ tLT 

[0 0 5 71 

l^^tc. temfl5 1 3 1 3 T >T-^ 13 11 -e^jf LfcS'fH'fB^ 1 3 1 2 =SrAlJ a: L 
. S:mm^l 3 1 2 lcMj&Mm=&i:'=^ifeb. ^itttcJ: i9#fc^-X^^->' Hi^l 3 1 4 
=^7-V J:-««|5 (d f t) 13 15 K^m-t^o y-VJ=-^m^l 3 1 5«. 
> K-lt-^l 3 1 4 J^^^L. ^tLir J: ^^mk(Ois-^l 3 1 6 ^tb 

[ 0 0 5 81 

^P'fS-^AcO^^^;v^WSfI5 1 3 1 7t4. y-V:^^m^(^m-^l 3 1 6 =S:X^J ^: 
L. 01 2 A<^?^W'^f-^A<^/^M n y h~>>'5K;H 2 0 1 ^fflv^T. ^miS-^AOi-^^^-^ 
V T 1 u T 5 t-e. -g-tL-rtL^*^. ^ili'ft^A<7)f^^:twv^iJi'fB-^ 

1^1318 (^^VT1^^^^^';T5 (7)^tL'rtL<7)a^#-^-e«$fLTV^;2,)^=£r{±i;d 

i-;i,o iw|»ir. '^p'^t^B(Df-^^w^'»^i^fl5l 3 i 9 (±. :7 - v i 3 

1 e^XtltL. mi 2 BO^p>IS-^BO^^°-f n V/ hi/>>N;H 2 0 1 'Srfflv^-C. ^p-fe 
-^B<^^^^>'V^IIl=^^-Y •; T 1 V T 5 t tr. -?-tL-PtL?lcJ6. ^pfg^BCO^^ 
^)VMW3m-^^l 3 2 0 (^^VTl56^^>^^VT5 0-^tL-rtL(7)Ji^it-^-eM$tLr 
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[0 0 5 9] 

m^^mu 1 3 2 1 y-v ^^mk<Dm^ i s o e , i s i e . ^min^Aco^^ 

^^^mmm^^l 3 0 8. 1 3 1 8. ^l)l4f-^B<7)-5^^^;V^i&^^f^l 310. 132 

m^AOr^ Vi5';V#-i-l 3 2 2. mmm'^B<Dr-( Z^^Me'^I 3 2 3 ^#So 
[0 0 6 01 

-fs-^jzOiSflS 1 3 2 1 (±. 1214 ic^L/i>ff^5!kJM3 2 1 ^: [Wl#co«^ t "ttLff i V>o -t 

^:b*>. iii4 0^P>»-^A<7)^^^;v'»«-f-3 0 8 tc>ftx.r^PIfe^AOf-^^-^;v« 

m^^l 3 0 8=^A1)L. ^p{t-i-B<7)f-^^.;V^l&«-^3 1 0_Kit^xm'Mim-^B(7)f- 

^^-)vmmm^^i 3 1 0 iXlJi^. Mi}i:mk(D^-7.^^y Vim^s o 6 J<zit^ry~v^ 

^^mmojt^i 3 0 6 mmm^A<D^^^-^)v^mim^3 1 s Kitk-x^mim 

-^A<^^^^>;V»«^Pl 3 1 S^XtlV. ^mm-^B(D^^r^)l^MW}iS'^3 2 0 K'^ 

1 6K^t^xy~VJ^^m^^<Dm^i 3 1 6 ^A;Di-tL(f iv^o 

[0 0 6 1 ] 

^!lx.if. ^fi|§|5 5 0 7ii. ^pm-^AOf--Y:?«;V^W^S^5 0 1 . 5 0 4. ^Plfe-f- 
Bc^^^^^V^l&li^^S 0 2. 5 0 5. -7 - V 5 0 3 . 5 0 6 ^A;^ t 

L. (1) ^tc^o%>T^^ rrt t-M^JM#^jfeL. mi 2 A. mi 2B(Djgr« 
. ^mm^Bom^^-^^^^^ kmi^s 1 1 =srm;d-r^o 

[0 0 6 2] 

-e-LT. B^S^H'-;' h^!lfef|5 5 0 9. 5 1 2 tt. ^^ijTrhlC ±ii |W|:Klt'fl5^li^ 
>=^fiJ^i-^o t /c<t-^.i^JlJMfl5 5 14.51 et^ov^T'^). ^-YUrr^^i. ±^EJ:|11 

»t'#-^.-^>IiJy;S^^TV^. ItmW^U 518^. ^-rvrrt tc:;ti«f«=lrtT do ^ixKX 

15. OFDMjf-t-e^^^P'ff-^A. BOr^'f ->'3';v>(i-^l 3 2 2. 1 3 2 3 =Sr#^ i: 
[0 0 6 3] 

i t :^^X ^ Z> o 
[0 0 6 4] 

mm<^mm 2 ) 

[0 0 6 5] 

5i'^f^gi:$^f^^<^««^^i^ ^sfecDMi ^iwi#-e*^o mM<ofmi tm^^^ 

[0 0 6 6] 

mi 4 Ate. ^mm(Dfm(DmmmmKi^m^.^MW:m^7j<-ro tfzmiABi^z, ^ 

. 1 1 0 . m 1 1 (^"^m 1102. 1112tcJ:oT. IlI14AOJ;d J^fe-^.-^Cv tT 
>'^=lr=ffdo t/cm4 0f|5^lf ^7 b«^t|55 0 9. 5 1 2 tCj;oT. |EI 1 4B<^J:d^1M 

[0 0 6 7] 

m 1 4 A KT^-f- i d l^. 3^«<7)m^<^«M(4. 'ft -^-"^ 4 ."^^ 1 -fe h t L. 1 
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[0 0 6 8] 
[0 0 6 91 

*#:a<JtC{4> K'®-^^^ mi 4 BK7j<-tl -Q¥Mt-:feV^T. Hit 1 K 

:^^1r^m^^^ii. iMitl<Dm^.^A.^.'C^m<D2}:£y SaO = l. S z 2 = 1 

it 2 om^j^. 4 2^y V. SaO = 0. Sa2 = l ^rilS^e b h LX-^Mir 

ho tfz'^m^~:^^^y ym^ifi. mn.3K^^-th^^\^\±. Hit 2 co>®-^.^ 4 

a<^2e->h. SaO = 0. S a 2 = 0 ^f^^t'-y h LTf^fe-r^o t /^SIS-?-^^^^ 
>' F#-^75^ ffilt4 M4 cojf-^.>S;4 *T'*®<7)2 S a 0 

= 1 , S a 2 = 0 ^U^^y Y t LT^^-r^o 
[0 0 7 01 

1114 Of 15^3- If hf!l^^5 0 9 t±, ^ tt^ <75|fc^$ ^X/t 2 If -7 h <Dlt$|x^^pl{a^ A(?) 

^Hit^B K-D\^xmW.(0^m'^^f^o 
[0 0 7 1 1 

m 4 O'g-^.'irJlJMSR 5 14. 5 1 6 (4. ^15^9^ if h *lJ^fl5 5 0 9. 5 1 2 J; o T'^^ 
$tL/^4 If \-(Dmmi'km^^X. ^i&0?l^Slt?±^L7tJ:^ IC2 5 6 .'^CO^^Ii'fS^,'^^ 

1 6 ^.<7^immt^M. m-t ^ o 

[0 0 7 21 

L-C2is:^M<^M^t-<ttL{f. ^^'B^ttl 0 0, 110 OOmm^l 0 2, 110, 
110 2, 1112 icisv^-c, I Q¥M±-e, MWc'Dim^.^.'^y Y K^M^fi. ^^-^ft-^ 

;5>4f -^.-^jam^ffi v^-C, m«lf > ^m^}^.-^ y ti > iJ^'-r ^ J: d L/C i 1 i i9 , ^in 

mxu^^^y vom^^^Mjij^-^^mK^T^ ^tTb^x^^htx^^-otzm^^n^^t-^^x^ 

Z> o 

[0 0 7 3 1 

[0 0 7 41 
[0 0 7 51 

m X. tf , M11IJ «i , ^p'ff ^ A offi -^.irjea ^mi a k(dx^jz\^^ ^mim^ b ccofa 

■^ir@Be=^lll8 Acoi ^ lii-;2.o -g- LT^itHiJ trii, HI 4 0^1i'f5-i-A<7)/cA60«K:59'li' 
hi!l5e^5 0 9 lCJ;o"C2ey h=^^^L, ^^«-^BOfci60fl5^1f y hfIJ^§B5 1 2 
J; o T 1 If ^7 h ^ -^fe^i- ^ ^ i: t:\ ft 3 If h ^ f^^-t ^ o L T'fs-t,'^.Wlj7M 5 1 4 
. 5 1 6-e{4, iO-^^$;ix/c3 If hcOgP^S-lf Mf«'lrffiV^-C 2 5 6 .•^O^^itft^.'^ 
i 3 2 .>^,(^«-i-,'^J::WiJi)^-r^o 
[0 0 7 61 
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(Dm^J^Jt. U^^y h^ik^LMi^^XoK. HI 4 AOi d t^MBS^tL-rv^^^O^i- 
^o 01 5 (D^^^y hm^U 5 0 9 ii. 0 14 BCDn^mmi^^-^^^^^-^^MiS^Ao:) 2 
\£y V ^§15^*0^-^-2.0 «^ *ilJ?l^fl5 5 14. 5 1 6 ti. 2 tf > =£:^V^T. 

2 5 6 ^.(omnm-^M.^ e A.^<Dmmm^^j^mm-t^o inm^m-us i s e 4,^(0 

[0 0 7 7] 
[ 0 0 7 8 ] 

3 ) 

^mm'^m-m 2 1 mm-^-^^o 

[0 0 7 9] 

0 1 6 tc, I -Q^Mt^iStt^ 6 4 QAM(7)^f-f-*|SS=S-^-ro ^«<7)?f^ig(7)Sft^ 
«{±. 0 4 >fij^f|5 5 0 9 . SlU^ioT, 6 -7 > tf O 9 t.* 

LTfl-^^i^J'lJil^glS 514. 516irj;o-C64X64 = 4096 .^(Dim^^-^.^.-^^ h 2 \£ 
y h^60«^;^^|iJ?iti-^>^ ^:-e> 'f^Mffi-^.^=^ 1 0 2 4 ."^trfUMi-^o *jKftr&S 5 1 
8 (i> 1 0 2 4 ^(D^\mm^^. t ^M."^, ^ ij KffBSI=lr*i6 

[0 0 8 0] 

t f^^^tMic^'v^r. fp^tfy h*ija^5 0 9. 5 1 1 J;oT2 tf h^^^-r^ 

CO ^> h ^ ^^fe-r ^ ^ . «'fS^,'S;i5c ^ 6 4 .>^, I'lJ M-e § ^ o ^fzA\iyY^ ^^-t 

1 6 .-^ twWUMt? i -5) o i J: ^ i::fB:0'tf > 5 0 9. 5 1 1 -e^^i" ;i) tf h Si^ 

^^^^\zti:^o Ttff L. flS^lf h 5 0 9. 5 1 1 -e^^^i"^ If M$C^ 

# < 1- i5 h% 1^ ^) jk-t ^ h |WI0# tc, mM<^MM 1 <^ 1 6 Q AM<D t^t mm 

[0 0 8 1 ] 

-e^-e^^^Mco^^i^'efi. $ h ^zut lv^ e 4 {ttco^Mpf^fe-^.^jBet lt. 0 1 

7 0J: d^#^,'^JBfi'^^*t-^o 0 1 7 om^J^MWii. m^mittLXii. «05F^ 
^2 t?m0^Lf^^><Dt|W|C-Cafe'So i-^j:t>%. m-^^^^^WcOt y VK-^if. ty }-]^<D 

[0 0 8 2 ] 

*#:fiiJlcfi. m^,^ 1 6 ,ir^ 1 -b -7 h h L. 1 -fe >7 M*I<^ 1 6 ^O^-^^i^^c^gg^ti/jN 

$v>:$^ -^y Ym<Dmn.'ti^^ <-t^^m^m (^y}£>^) ^^t-9o ^/^^pfisti. i 
^y hp^<Di 6 .^.(Dm^j^M^m^^^i^ < ^ ^ t^K. ^^y ym(Dmmiimv<ir^o 

[0 0 8 3 ] 
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[0 0 8 4] 

2^^*feO?^i^-et±. 6 4'(it(7)#«pOSIJcO$f t Lv>>fi^,iiriB«i: LT. HIS I'Tp-r 

mil J; y p^<d*/Jn^- i; Fj?g^^±^ < -t ^ i d '^^P (-^ ti° > ^eils 

[0 0 8 5] 

~ 1 6 ^w^#^*!l-ei ^ J: d lc>ff-^.i^^iB«1-^o 
[0 0 8 6] 

h tempi" t ^^'^^ ^ :i> X ^ K^j: ^ o -^t ^ . y y ^(Dm^.^M^MiM^ ^ < 

Z> o 

[0 0 8 7] 

ji-ff-r^ie^/^o-C. 6 4m<Dm-^,^^^Wii<7)^y VK^lf. ^y M*IO«-^.-^,<7?*/hJ2. 
i^') MJi^^f d J: ^ te L/c i J; . ^{f fJJ-e#:g;:^^oSt;lt>fefl5^lf h $fJ^^5!!i3S;S: 

tF4f -^,>^j'ij m^M ^nd^t ij^x- ^^<Dx\ ^mm xitrnm^b $ ^ 19 

[0 0 8 8] 

B <7)>ff =^ iwi D ie i- -2) \z [51 1^ -r\ mmm^ a i: ^p-ft b (Dm^^Mn ^^^^ 

[0 0 8 9] 

(*JfeC0M4) 

fzm^x i> mmx- ^ -5. ^) (Dx$) ^ ^1 i -eti— -^ij t \^xmnnxm 1 4 a tc/js l/^^m-^ 

[0 0 9 0] 

EI 1 hcDniB^^^Kn—n^'^i-i'L.XT^'tm 1 9 2^*M<^M^<75^ii'fB^fi<7)#^^ 
^1-0 ^^«e 1 9 0 0 fi. m^itm 1902 t'^^it -r^ v^Mt-^ 1901 ^xti-f^ 

o ^f^-fbflS 1 9 0 2 3^jtT-V V^)vm^ 19 0 1 t^li-^^^^iMf-t-fb^^i-i i: ^9 

. m^iUk<j:>r^ v^)vm^ i o i ^m^^iUk<or^ v^^n^m^ 102 ^ ti^ =1: 

10 2. 110 t::^ffl-f^o 
[0 0 9 1 1 

^^g^gco^^^^^ii, |ll3<7)i:^^)tr*;&o ^^ife<^f^i^-eti. il 3 OM^j!!]dS«|5 3 
2 1=^. 1112 Q(Dm^^m.U2 0 0 00 i d te«^-t^o ^i5lli2 0-e{±, 1114 ^: iO^tS 
^^9- a |WI — ^iiiX^fzo 
[0 0 9 2] 

2|5:*;tec9m^,0«-^Mfl5 2 0 0 Oi±. Ifc*jaffitt-»fl5 2 0 0 1 ^^i-^o lAW^'filft 
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0 0 1 ii. wm^k<Dm^j^Mm5 is. 517. Mmm'D^-:^^^y fih^b 0 
3. 5 0 e^xtitL. :zfLh^m^^x$mmmn^2 0 0 2 ^n. ^Mm^m2 0 0 
3 K^mi-^o mMU2 0 0 3 ti. mmim^2 002 ^m^-r^ 

■^2 0 0 4 ^n^o 

[0 0 9 31 

^<Dm.m^mn^2 0 0 iRzfm^U2 0 0 3(DmmK'^^^x^ 112 1 ^^v^ti^^ 

[0 0 9 4]- 

^Jx.«\ HI 1 9 (D^m^W 19 0 O^^'m 1 4 AO i d 'feja-f-^M-e^iliS-t^^la L 
[0 0 9 51 

-r^i:. 112 0 cOjg^^ZltatlJ 2 0 0 OtCiSV^Tii. S:$9^1i'>7 hf!J^tl5 5 0 9 IS 1 4 

Bom^mmii'^n^mm^m^z^'^'^^ «#-i-A<^s a o> s a 2<?)2 

SL. itL^fis^t^-;' MffR5 1 0 tLxinti-t^o mm^. ^^^^y vm^us 1 2^^ 

. m 1 4 Bcojt-^,a;BBe^Ci3tt^«^»Jt^^-^'^> ^mim^B<DS b 0. S b 2 C7)2 e 
h^f^fet. ^tL^fi5^tf-y Mt#5 1 3 t LTmtl-r^o 
[0 0 9 61 

«^.'^.fIJ?lSf|5 5 1 4 ^^^y V 509. 5 1 2 :^-h'D4}£y V <Dlf f^ffl V- 

16X16 = 2 5 6.>^.0#^*)?)-t 1 6.'^,(7){f-^*=Sr^*!).^>ltt^fJMt*<75{=-^*'[t 
fRS 1 5 ^: L-C»JSjitft»fl5 2 0 0 1 l::p^tB-r^o IWI#iC. ja-^.-^.flJMfP 5 1 6 ^) . 1 
6,iro^H-^,ir.|ffj|^|lJMm<7)>ff-^.ir'|t$^5 1 7 LT$fcflJ^'(ilft» 2 0 0 1 Kmmir^h 

O 

[0 0 9 71 

*SaO = 0. Sa2 = 0. f|5^e y 5 1 2 tL/i^fllfe-^B y 

h^Sb=0. Sb2 = 0i:i-^o 
[0 0 9 81 

^(Dt^mmmmm2 o o u*. wmk(7)m^.^Mm5 1 5 tmm^o^-:^^^ 

y Fffi^s 1 6 ^fflv^-c. m2 1 mfM-'ttroo 
[0 0 9 91 

y vm.m<^MK.if2m't^)ibi>o i^-e. a.- ^ ^) y vmm<^ 2 . d (s 

aO, Sa2, SbO, Sb2, Sal, Sa3. Sbl, Sb3) t d M^t?^ifr 
-r^^:^ ico^JT'fi. SaO = 0. Sa2 = 0. Sb = 0. Sb 2 = 0^<^T-. D ( 

0, 0, 0, 0, Sal. Sa3, Sbl, Sb3) t::*5V^-r S a 1 , Sa3, Sbl, 

S b Sib^O tfzl±l<D 1 6'f®<^'llt:*^'*^ ^ ^ thzrj:^^ 
[0 1 0 01 
(^■Tyy° ST 2) 

:^K. D (0, 0, 0, 0, Sal, Sa3, Sbl, Sb3)<751 GMO^^^*:^ 

[0 1 0 ll 

:7°S T 3) 

m^K^-^') y Km^o2*=^^i6yt 1 emom-^,^.&^^<^2 4 om<oim^ 

^(7)j.-^ y) -y Vi^^O) 2m(OiU't. ^TDmax^-t^o C(Dmx-lt. D (0, 0, 0 
Tl, 0, 0, 0, 0) ;^^?>D (1, 1, 1, 1, 1, 1, 1, 1) -^^^^^ ^TDma 
xt-r^o -f-f3i^%. V KgE^<7)2^^*i67t 1 6«(7)'fa-^.*;W<^2 4 

OlglcTJif-^^iir^-eo^-i^ y y YWmU 1 6'fiIO#-^;^<^^-^ U Fm^<^2*1ttO 

-ffti^-ftrtrDma xt::l£5e-r^o ^:tLtiJ;«9. 1 6 ,'^.(7)'fB-^.^><^^- ^ KSS^*^ 2 ^ 
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[0102] 

[0 10 31 

m^m2 0 0 3 mmm^2 002 ^xij t l. y-y h v v^is-h. 

^ h V -7 ^' ^^46. m^L^ y-V v^;Ht^2 0 0 4 ^mtiir^o 
[0 10 41 

;i CO J: ^ t'^-^^OT 2 0 0 0 J: ttff . WU^^ ^^/c#^^«'^t-^.'^ t ^m^. t O^- ^ 
[0 10 51 

112 0 t(DMm^m'<^m--w^^i-i\^x7T^-rm2 2 tc, :^mmmm(Dim^mmu(om 

<^«J^^^i-o «-^^?!kJi§|5 2 2 0 0 ^i^ a^#tt#mft»fP2 2 0 1 ^^-t^o 
[0 10 61 

fi^#tt«^BtOT2 2 0 1 (i^ ^P'lt-^A<^-^^:T>;V^i&'te-^3 0 8. 3 1 8. ^ii 
>ft-^BC)^^^->;V^tlJ'ff-^3 1 0. 3 2 0=lrA*tL. h ^ t^^ff -t^fe 

«Et^ffi^-r^i^#tt4^i^^*«?)^o 5 0 7;6^~'^!lx{f (1) ^coiMM-^ 

n-oxm^'^i^m-t^i^^. M^nmfn^2 2 0 1 i±jf-^<^^^«st^ffi^"r^fi*# 

tt#ifc'l:*fe'2) t iv^o *#:a*ltct4. m^#ttft^^2 2 0 1 (±> "Soft-decision 
decoder employing eigenvalueof channel matrix in MIMO systems" IEEE PIMRC2003, 
pp. 1703-1707, Sep. 2003. ^C^$;JXTV^;5, i ^ tl. ^Sxtf (1) ^(D^7n<^m^iU<OM4^ 
itL=^m<^'fttt#^if#2 2 0 2 i: LTtB:t/-tnif iv^o 

[0 10 71 

mmimnm2 o o i wmk<Dm^.^mm.5 is. 517. Mmmko^-:^^"^ 

> 3 0 6 . 3 1 6 . M^Himm^ 2202 =lr Atl t L. ^ibfzyy y-^^ h V 

5'i^tim^#lt«^^#t-'i.i t J; t9lfc*IJ^II'ff-i-2 0 0 2 ^*i6^o 
[0 10 81 

J: ^ K^-W^mW>2 2 0 0 lC:feV>T{4. Vf-^ Y ^) y ^ <^#tt'^|&^^^ 

>! tL PI o ^) <7) t± 'fc o 
[0 10 91 

1 7!}^X ^:ho t fzm-^(0}m =^ A^^#x. ^ ^ ^ ^ - V - y . =lr f J L 

m<D^m<D=mMK'^^^xi:,MUx:^:ho 

[0 1 1 01 
[0 1 1 1 1 

5 ) 

[0 1121 
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mu 102. 1 1 0 m 1 4 A KT^-r X ^ ^^m^.^Mw^nm Lfzi e m<^0'nm ^ 

[0 113] 

on. mi 9 1 9 0 2 2i Lxm^^hfL^o 

[0 114] 

W^itm 2300 (SaO, Sa2) ^-f-^bfP 2302. (Sal,Sa3,Sb 
1 , S b 3 ) W-^^tm 2304. (SbO, Sb2) 2 3 0 6 i^-T^o 

« 2 3 0 2 . 2 3 0 4. 2 3 0 6 ii. T'-f Mm^ 1901 ^X:b L. ^firtiS^^ 

[0 115] 

1-5&:bt>> (SaO, S a 2) f^-^>fb§|52 3 0 2 {±. 7"^ i^i5';i/M-f-l 9 0 1 tr-^ttt 
;&tf~;^hSa0. Sa2 * tf ^'fb L. iOH'-yhSaO. Sa2 c^t^^-fk'lf fR 2 3 0 3 
ta^li-^o (Sal, Sa3, Sbl, S b 3 ) t^-^^kfP 2 3 0 4 l±. x -f ^ Mm^ 1 
9 0 1 13 -^t tL-5)lf-7hSal, Sa3, Sbl, Sb3 ^f^-^-ft L. ^ CO e h S a 1 
, Sa3, Sbl. S b 3(^1f-^'fW«#^2 3 0 S'^mtf-r^o (SbO, S b 2 ) ^■^'fb 
tP2 3 0 6 ti. T'-f vi^;Wf-^l 9 0 1^3-^t:i^;S > S b 0, S b 2 ^^f-^'ftL. S 

bo. s b 2 off-i->fb'it#2 3 0 7 ^m;(3-r^o 

[0 116] 

0 . f 15^ h mfi: -em 19 iTIEm-^^JtS =^ ^ i t >6^^-e i ^ i d I- 5^ ^ CO Wt? ^ o 

[0 117] 

(SaO, Sal, Sa2, Sa3) m^^m 2308 ti. SaO. Sa2 (DW-^it 
mm.2 303t. Sal, SaS, Sbl, Sb3 <7?ff ^^Wtm 2 3 0 5 ^Xl3 t L. 
SaO. Sal. Sa2. Sa3 OiW-^^^J^ZL. ^fL^m^it^(Or ^ V Mm^ 1 0 

1 h L-cmiJi-^o 

[0 1 18] 

mmK. (SbO, Sbl, Sb2, Sb3) m^^MU 2310 ti. Sal, Sa3 
, Sbl, S b 3 <7)tf^^Wf IR2 305t. SbO. Sb2 (Dm^imm2 3 0 7 t 
titL. SbO. Sbl. Sb2. S b 3 coffi-f-^l:^^ b. vl tL^^f -t4bt^<^T-V v ^ ;V 

1 Q 9b Lxm^i-r^o 

[0 119] 

^acofEH&Mti, m3<Dhi5nx^^o ^m^m.3 o oco^t^jJOiMs 2 ico^^a. 

llI4(7)h*3^)-eab^o jt-^^JfkM 3 2 l<?)fi5^e>;; h*!]^fl5 5 0 9 =lr 

0 2 4 A<7)J; d ^^ML. fB^tf^;' hflJ^tP5 12=S:®24BC0J;d tC«figL. ^'uffi^^fe 
tB5 1 8=^llI24COJ;^ t::S^i-^o 
[0 12 0] 

024 AO (SaO, Sa2) m^it^2 4 0 2 fi. ^fi#^A(7)^tS^-^^■^^> Ha 
^5 0 8 ^A:^jiL. itL>^m-^1-^ ^ fc-e^X-^tf h S a 0. S a 2 =^#. ^fi^^M 

[0121] 

024BO (SbO, S b 2) m^^bfl52 4 0 5 ti. ^H^-^B (7>«S^-;^^t>' K'fH 
^5 1 liXtltL. :Lix^m^i-^^bxm-^}^y h Sh 0. S b 2 ^M^M 
m^B(Dm^-^fifzU'^}£y h'lt^S 1 3 i: LxmtJ-t^o 
[0 12 2] 
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[0123] 

j]PxT. (S a 0, S a 2) n^im2 3 0 2W (S b 0, S b 2) f^-^f 2 3 0 
&\zi.^X. (Sal,Sa3, Sbl,Sb3) m^itU2 Z 0 5 J: ^m^^^Emti 
O^ftV^ifJF-^'fk^^^^ J;^ ^c-r^fc^ J:l9|[f*Lv^o i<?)J:9 §l5^tr^-^ > S a 0 

, sa2, sbo, sh2^m^^Am.^-z-^:h^tm^-^t'm<'^'^^<^^\ m-^f^ 

t ^^^t? § -5) i 9 ^ ^ o 
[0 12 4] 

tfz. 1 6lIO#«f)|0^f^.'?JBS^ LTt±. 1 6 Q AMi !9 HI 1 4 A, lEI 1 4 

HI 1 4 A. HI 1 4 BOJ^-^. Ilitt^i ^-f^K^Vf (S a 0, Sa2). (SbO, 
Sb2) fc0^-e^;i,/ii6. -W#timi9iTiE#W^At?^^75-^tr^^o H^t^. « 

nmmx- 16 m.^mMm urn o iTiEff ^ ^sa-t ^ ^m?? u /^^^^ e 4 
19 mi 7. m sK7^\^fz^n^j:m^.^wM^um\.f^:f3ifi. ^m^m^miEm^'^ 

[0 12 5] _ ^ 

|124C(7) (Sal, Sa3, Sbl, Sb3) U-^iYM 2 4 1 1 mmk<D\m^^. 

iffi5 1 5. 5 17. msj:mk<D^-^^^y m-^a i 6. a o a ^x^jt 'f^M-te-^ 

-M-^AcoSffi i^^^;V>(S^3 2 2Rmmm^B(D^mr4 v^;Vjf-^3 2 3 ^#^o 
[0 12 6] 

[0 12 7] 

^ ^ lwi-(7)«-^.a[-fe M*i V -7 e y $ :ix;?> ^slji If y h ^ ^ i ^6 Tf^-^ jbi" ^ i ^ L 

[0 12 8] 

'B-^j?JkM*l214 , HI 2 4 A. HI2 4B. m 2 A C <D X ^ KMi^lr 

fzi)^. |f^<bf|5:5.«y^'#-i-MStI50W(±^fLt'151^>&V^o HI 2 5 irt^-^<b§I5cO'(t^<7);ii^15!] 

[0 12 9] ^ , 

112 3 t(^m>§|5^t^|WI-^f^^#LT^i-HI2 5 tX^V^T. -f-^kf 15 2 5 0 0 (i. ( 
S a 0 S a 2 ) W'^'im 2302. (Sal.Sa3) If -^^tf |5 2 5 0 1 . (SbO, 
S b 2 ) 2306. (Sbl,Sb3) W^itU 2 5 0 3 ^^-T ^W^itU 

2302. 2501. 2306. 2503 1*. r ^ 'J ■S^ Jl^m-^ I 9 0 1 ^Al^JL. -etL-F 

[0 13 0] 
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i-^^t>. (SaO, S a 2) ff-tfbf!52 3 0 2 {±. T-V 9 0 nc^t 

V S a 0. Sa2 ^tf L. i(75e-;'hSaO. Sa2 oo^f -^<bif 2 3 0 3 ^ 
mtj-r^o (Sal, S a 3) tf-^fbtl52 5 0 1 ti> v^;v#-i-l 9 0 1 iC^^tt;2> 

> S a 1 , S a 3 ^W-^^tl^. ^<D\£y > S a 1 , S a 3 <Dn-^^tmm2 5 0 2 
iJ-t^o (SbO. S b 2) t^F-i-^bf|52 3 0 6 {i. T-V v^;Hf-^l 9 0 1 tc^ttt^lf 
>7hSbO, Sh 2^n-^4tL. SbO. S b 2 (^tf^jbtf ^2 3 0 7 *tB:tl-t^o (S 
b 1 , S b 3 ) n^^hU 2 5 0 3 r-i V ^ ;V{t-^ 1 9 0 tL^S. e :y h S b 1 , 

S b 3 ^^f-^'fkL. ^<Dlf h S b 1 , S b 3 cO#-^>fk'It^2 5 0 4 =lrm;fj-t-^o 
[0 1 3 1 1 

(SaO, Sal, Sa2, Sa3) iW-^^^U 2308 SaO> Sa2 (Om-^it 
'If fR 2303i:. Sal, Sa3 (D^^itmWi 2 5 0 2 i: ^ AtJ L. SaO. Sal. 
Sa2. Sa30«^^^^L. ^zih^W^it^^OT' ^ P ^ 1 0 1 t LXB^tllr ^ 

o 

[0 13 2] 

mW-K. (SbO, Sbl, Sb2, Sb3) im^^J^U 2310 Sbl, Sb3 
(Dn^^m^2 504t. SbO. Sb2 <DW^'im^2 3 0 7 t ^Xtl t L. SbO. 
Sbl. Sb2. S b 3 <7)«^^^SS;b. :Lfi^n-^^tWi<Dr-[P^Jil^m^l0 9tLX 

[0133] 

^ir. 11 2 6 (Dim^mmU' 2 6 0 0 0«^^mB.^t-^o HI 2 6 (Dm-^iSkmU 2 6 0 0 J± 

. m4(Dm^mmu3 2 1 tit^Lx^ m^^y v^mus 09. 5 1 2 1 vx^m^m 

-^U2 6 0 1 . 2 6 0 2i!)^mi1rhfLX\^^^ (0^19. U^^fy hmm^2 6 1 0:^^^^m^ 

5 0 7 fcWJSm-^SI5 2 6 0 1 . 2 6 0 2 h -e«j3§;^ tLT ^ ) ^ t . MS^-^f^ 2 

6 0 6. 2 6 0 8^^~^^t^:?^XV^;z,i t^I^V^T. HI 4 (^^ff ^^S^ 3 2 1 h |WI#<?) W 

[0 13 4] 

^m^m^m2 6 0 1 {i. MMin^Aom^^-^^^^y vm^s o s ^xtitv. m2 

5 ti^^t^SI^^t^-:' h S a 0. S a 2 v^Tlfcfl^m-^^^f ^tttr j; 
-yhSaO. Sa2 <7)if f^^^pjH"^ A ;ixfctI5^e -7 Mf$Il5 1 0 t LxmtJir 

IWI»t;. »J^«^fI5 2 6 0 2 fi. ^P^-^BcO^i^--?-:?!.^^^^ K'IS-tS 1 1 ^XlJ 
t L. 1112 5 tr^tt^flS^l^^;' h S b 0. S b 2 trov>-C»J^m^^^fv^. i^lxtcj; !9 

m^u^^y h s b 0. s b 2 <DmWi'^^mm^B(D^^^fifz^^\£y vmms 1 3 1 
Lxmtii-Zo 

[0 13 5] 

«-^j±cfij»5 14. 5 1 6 fi. ^^■BfifzU'^^y ymm5 10. 5 13 ^m^^xm 
nm-^.^^mmv. mm^<Dm-^}^Mm5 15. 5 1 6 ^t:mm^U2 e 0 3 i<zmm-r^ 

o 

[0 13 6] 

■zmm^^2 6 0 3 {±. wm^k<Dmmm-^,^.tMiS:Wc^<D^~y^^'(y vm-^3 1 6t^- 
m:^:^m(o-m^Mmmn^.^.i^^i- ^ ^ txx&m^^^f^^. e h s a 1 , s a 3 

, Sbl, S b 3 ^^fe S o ^ LT:t:SW^tI5 2 6 0 3 i±. If -7 h S a 1 , S a 3 =gr tf -7 
Mf$R2 6 0 4 ^: LT»J^m#tP2 6 0 6 tc^ltbi-;g, t^K. }£y V S b 1 , S b 3 ^ 
Ht#&2 6 0 5 t LT»J^m-tfI5 2 6 0 8 Kmm-f^o 
[0 13 7] 

®f!l^«-tft5 2 6 0 6 (i. Mf fR2 6 0 4 ^WJ^m-^i"^ ^: i ^9 . ^mm^ 
A COM 19 fTMoe-y MffR2 6 0 7 ^#^o |Wj«tC. l!W^«-^fl5 2 6 0 8 (i. Tf-y h 
'Itm2 6 0 5 ^mm^m^i-^^tKi: i9 . ^P«-^B <0M 19 fliEf^cT) e y Mt^2 6 0 

9 tr#;5>o 
[0 13 8] 

i^lt?. ^P«^A<D^^S$^/cf|5:9'lf :y >'If#5 1 0 t^mm^A(Dm^miE^ik(D\£ 
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[0 13 9] 

i<7)J:^tC, m-^^mU2 6 0 0 Ki3\^>Xii. »J^m^tl5 2 6 0 1 . 2 6 0 2 ^l^tt 
[0 14 0] 

'fc^. :^mm(Dmm'Cit. ^mm-c^^si-^y ym^^n^ vi>m<D\£y h (s a i 

, Sa3, Sbl, Sb3) KMLri>n^^t^nvm^^'^^^rmmLfz:^KU^^^y 
[0141] 
[0 14 2] 

^i'fH^SoMMtilH 1 CO t j3 -e^ (9 . ^tffiffi-^<7) 7 V - A#^(±|ii 2 a: is (9 -e 
* ^ o t /cS«^S<7>miii&M{ill 3 (7) h is 19 -e* 19 . US co^ff ^^SLM 3 2 1 <;D#ffl« 
^(i|114<7)i*3 19 -eab^o 
[0 14 3] 

1 6 QAM<7) h vi;;^tf^«P«-r^/t^^^{4. HlO^-ff^ttl ooco^pfBi 
0 2, 110=^. '^x.M2 7 t::^-r J: ^ t::Mi-tL}f J; v^o 
[0 14 4] 

m2 7 K^\^^X. 2 7 0 1, 2 7 0 2, 2 7 0 3 a'>-7 M^i^T; iJ'. 2 7 0 4. 2 7 0 
Sitm^'^BM^m^'^^LXisy). XtJ a 0 , a 1, a 2:0^^. bO, bl, b2, b 
3 5&^~^^$tL^o -^L-C, ^-^^^-^ K'»-^^^f|52 7 0 6 li, bO, bl, b2, b3 
^XtltL. 1 6 QAMO-^y \^y^^^ni i Hb^2 7 0 7 =Sr#^o 

[0 14 5] 

^^if h*lJfeSI5 5 0 9. 5 1 2 (114) K^^o U"^^ y Vn^US 0 9 t 
[0 14 6] 

^^}^y ym^^5 0 9 li. mmm-^A<Dm^^~-^^^y 0 s =srAij t l. 

0, b 1, b 2^f«L. ^tLP^OlflR^^pjl-^Acof^fe^^xfcfl^^lf >y Mm5 1 0 
tLxmtlir^o mm^z^ m^^y h*iJ^fl55 1 2(±. ^p#-^B<^-^^$tLfcf|5^lf 
h'If|&5 13(3 hcO'It#) ^mtlir^o 
[0 14 7] 

«-^.^;iiJitfi5 5 14. 5 1 6ii:. m^mm^^f')o ^LT. ^E^^^MS 1 8«. ^ 

iim^ A tr^m $ tL/^ HI 2 7 b 3 (T^iffR. ^fi«-^ B XMm $ tt/c m 2 7 b 3 (7)'lf f| 

^^^L. ^fL^^mm'^A<Dr^ 9^ 1 9:s.r;'^^p'ft^B<^7"'f i^^^j^^vM-^s 
2 0^ L-rm*-i-^o 

[0 14 8] 
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[0 14 9] 

mmmm ? ) 

mmr>r-i-m3. S«T>'r--^-m3. ^'ff^il«-^i5c3 0i:^cD:a#et)^«filtcov^ 
[0 15 0] 

[0151] 
[0 15 2] 

g£P^2 9 0 2 {i. T^-r i^'i5';Wt-^2 9 0 K y i^-^m^n^ 1 1 s ^ Xtl t y 
lx-ASjS'ff#l 1 8 J' L/i:^^'oT-rV v^;vjS-^2 9 0 1 =S:^PL, i:}^^wJ; i9#/i--« 
FM-f-2 9 0 3 ^i£ma2 9 0 4 ^::^imi-^o i£t^tl5 2 9 0 4 K 

#-^2 9 0 3 iz^m^^^mni^. ^mzx ^mMk^tifz^-^^^'^^ vm^2 905 
^mmM2 9 0 6 tc^ttj-r^o MS152 9 0 e (i> mn^fifz^-^^'^> 905 

±gilis>fc t^^Jfe-t^ t i 19 , ^ll|«#2 9 0 7 (^H^-f-C) =Sr#;i)o m 
m^^2 907(±T>T--^290 S^^^^^m-^t L-CiiJ^)$tL;g)o 
[0 15 3] 

yu-j^m^m^^m^i 1 7{i. -e^iix-tf. US o<Dyiy-Amm,<7)mm.^yi^--^m 
mm-^i 1 8 1 vxmti^^o 

[0 15 4] 

nsotc. mmmw:2 9 0 o(D^ryy^i- 1 0 8. iie, 2 9 0 8:^-^hmim^f^^^ 

)VMMOfzib(D^^ 2 01> 20 3. 3001 i:. T-^ 'y^^^l^ 2 0 

2. 204. 3002 t^mir^o ^Mjl^fi 2 9 0 0 fi. Ill 3 0 K^ir X d ^"7 

^^adOi^^:^^;^ 2 0 1 > 2 0 3. 3 0 0 1 {i> ^'^'f n h jx^- ^ 7 - K> 7" 
T >' y ;v h ^ :iti>x^^o 

[0 15 5] 

1113 tc7)*tJSfI5^tClWI-ff-^^#L-C^i-|lI3 1 tc. :$:^M<7)m^tC:fett^Sfe^gO 

o 

[0156] 

112 9<7)^^#M2 9 0 0 ^CjSV^T. T>-r^ 1 0 8 ^^{f $ tL^fe-^'^ T 
xa (t) . TVt^^II 6:A-hmm^fi^in^'^T xh (t) . T>x^2908:*-^ 
^gl'R^tL^&'R-^'^T X c (t) tL. ms KD^m^WS 1 0 OKisx^^X^ 0 
1 T^'ff L/cjf-^^R X 1 (t) . 7>'7^^3 1 1 -e$'ftL/^#-^=^R X 2 (t) . T> 

x^3 1 0 5 trs^Lfc'ff^^^R X 3 (t) tL. ^^^mr yTi-mx(Di^m^m^ ^ 

fL-rtth 11 (t). hl2 (t). hl3 (t). h21 (t). h22 (t). h2 
3(t).h31(t).h32(t)>h33(t) t-t^t. ^i^<Dm^^^^^-^ 
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m2] 

/Rxl(t)^ 
Rx2(t) 
(^Rx3(t)^ 



/hll(t) hl2(t) hl3(t)^ 
h21(t) h22(t) h23(t) 
^h31(t) h32(t) h33(t) 



/Txa(t)\ 
Txb(t) 

Jxc(t)^ 



(2) 



[0 15 7] 

0 2 ^{f^^afi5 3 1 1 7 Kmn^-f^o mm^. mmit^c<r)^^^)i^^mm^^^3 1 o 

3ii. ^i£t§:^l:<7)^-^/^^>' K«-^3 1 6=^A;tltL. -^Bx-ff, HIS 0 <7)-7 V- A^m^c 

ici ^#/c^ii>ff^cc7)^^:f^;v^«i'©^3 1 0 A^m-^fskmu3 1 1 7tc^m-r^o 

[0 15 81 

t fzmmU 3 1 0 7 {±. T > 7^^ 3 1 0 5 trgrfl LfcSr^-ff-^ 3 1 0 6 ^ AtJ t L. S 

1 0 8 ^«tS:SlS3 1 0 9 Kmrn-r^o j£4£ifcf|53 1 0 9 Kjf-^S 1 0 8 

^maL. ^fiiizxy)ntiMit,mk<D^~:^^^^y vm-^3 1 1 o^mti-r^o 

[0 15 9] 

^fl«^A<7)f-^#-^;v'^lii^^f|5 3 1 1 1 Mi!Amk<D^-^^^> hMt-f-S 110^ 
A^JiiL. mx.i-£. 1^3 oo-7V-AlS^tc^it^^P'lt-^A(^-5^^^-;v*l^v>'^';v2 

1 2 ^{f-^jiaiSfl^S 1 1 7ti3imi-^o |WI;tiic. ^li{f-i-B<Df=-^^;v^iflliSf|5 3 1 1 
3fi> 3t&mt^<7)^-^/s^> K«-^3 1 1 O^XtltL. m^i£. m3 0O7V-A« 
tci3lt^CT'ft-^B<7)f-^^;va5e>'>5K;V2 O 3 'Srfflv^T'^^^;v^iti=Sr^i^L. itt 
liJ; i9#/t^P«#BcO^^^-^;v^M-^3 l 1 4 ^{f 3 1 1 7l'9^tHt-^o |WI 

^iii«-^co^^^-^;i/^i)j?ifet^3 i i 5ti^ mm^<7)^-:^^-<y vm^3 i i 

-^3 116 ^m'^^mms 1 1 7 \zmm-r^o 

[0 16 0] 

m^mmms 1 1 7(i. ^i£mf^c7)^-J^/t> K'ft-^3 0 

A<D^ ^ ji^^mn-^ 3 os. 318. 3112. 

10> 320. 3114. ^M'M-^COi^^ ^}l^^Wjm-W3 

mim-^A(Dr^ )i^m^3 2 2. ^iHM-^Bo-rv v^;Ws-^3 2 3 . mMim-^cor 
■i y^}vm-^3 118 ^n^o 

[0161] 

'»-i-MfP3 1 1 7 (7)~^(7)m^m^m3 2Kmiro ttim-^^mu3 1 1 7<Dm<om 

^^J^I1I3 3 K^-to 
[0 16 2] 

3fei"|il3 2 C0#^t^ov>-cmil1-^o 114 i:<^^ra^i3|Wl-f^^^#LT^-tllI3 2 
tCiSV^T. 'g-^MiKS 1 1 7 0^^tf Ym.m^3 2 3 0 6D:S'^f|5 3 2 0 1 }i> 
-^AO^-^:f-;V^t!j'ft^3 08. 318. 3112. ^Mfe-^B (^-5^ ^ ;V^t&'ft-i- 3 1 
0. 3 2 0. 3 1 1 4. ^P^H-f-C<7)^^^-^;V^Kl'fH-^3 102. 3104. 3116. 
MiS:m&<7)^-7.^^y Vm^3 0 6 . 3 16. 3 110^A^J^L. (2)^tCOV^-C. 
Mx.{f3t^f^J?t#^MMS E (Minimum Mean Square Error) mM-^^^ i -t?. MM'© 
^Txa (t) . Txb (t) . Txc (t) O|tfe«^=£r#^o «f ^ 3 2 0 1 {±. ^ 
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102. 3104. 3116 



#11 2004-290441 



^-v: 21/ 



K^^3 2 0 7 ^w^^^y vm^U3 2 0 8 izmm-T & o m^^y vm^ 

S5 0 9 . 5 1 2 . 3 2 0 8 ti. ^ibfzm^^y Mf#R5 10, 5 1 2 , 3 2 0 9 ^Mffi 
[0 16 3] 

fl5^tf '7 h$IJ^f|5 5 09, 512, 320 S <DU6^\f y hOflJ^H, ^ii;^^ 

6 Q AM<^i^^, ji^aiL/ciii 8 B^m 1 0 B(7):^-s^»ffi-r^ ^ t-e^?a-e^ ;2.o m 

Tti, ^^:^^=^ 1 6 QAMt L, HI 1 0 B<^J; ^ 4 h ^ 2 e «y h ^m^-f 
[0 16 4] 

6X16 = 4096 m(Dmmm^.^.^^^^'^^ ct},z-^j:^o u^^y vmjEM 509,5 

12, 3 2 0 s-eti'^imt^A, B, c^nrMz^^^r 2_\iy Y^m^ir^fz>!t>. fe-^ 

.^ri!j-i)^f|5 514, 516, 3210 t:ii 409 6 m<7)immM^}^.i}^ 4096/4/4/4 

= 6 4mommn^^jzmm^f^^o ioT, -zmm^ms 2 1 2-eii, e 4'(ii<^M'fi 

2 2 , 3 2 3 , 3 2 1 3 =lr#^ii:t-^^o 

[0 16 5] 

^(DX^^ZLX. m#T>x^m2, S«T>x-^^2, ^>fa ^Hffi^ifc 2 O t § IWI 

mmryTi-ms. SWTVx^i^s, ^«ggll#-^^3 o t ^ tc^sv^T 

^ ^VM-^ 322, 323, 3213 ^ ^ o 

[0 16 6] 

3 3 (om^^mus 1 1 7 i±, mmu3 301 **i-^o 

[0 16 7] 

M«fl5 3 3 0 1 f±, ^P«-^AO^^^;V^»J«^3 0 8, 3 1 8, 3 1 1 2,_^lHt 
-^Bco^^^;V«'ff-^3 1 0, 3 2 0, 3 1 1 4, ^llis^C ^ ^wV^ttft^ 3 1 

0 2, 3 1 0 4, 3 1 1 6 ^Xt]tL. f!lx.if, ^il'ft^A(7)Sfemi^5iffi, ^'Mis^B 

[0 16 8] 

<Dm>'^^y y^i^MS 0 9(i, ^^y hfl^^^f ^'^v^ J; 9 t^f&lK4P$tL;g,o ^^v^^t/i 
tf-;; VliO^y h t\^^d ^tizrj:^o -1^. Wimin^B(DU»^ y h*iJ^il5 5 1 2, ^ii 

m-^-c(D^^^^y vm&ms 2 0 8ii, ^firfi2 }fy hm^-r^xo^zum-^fi^o ^ 

LT, -©-^.^WUMflJ 5 14, 5 16, 3 2 1 0(i, ^P'lf #A<^'^^$tt7t 0 tf -7 h 

$ 19 t'oe^y h =fcf*S$tL-CV>>&V^) , ^pffi-^BtT^f^^^tLf^ 2 If^;' ^Bife^CO 

-j^^^tL/c 2 tf ^7 h ^ffiv^T, 4 0 9 4 096/4/4 = 25 6«0 

^'fs^.'^j^wijiis-r^o :t:;S«^ti53 2 1 2t:ii, 2 5 ^m^o'mm^f^hmmmy'^ 

t-t?, '^P^^A, ^HM^B, ^PM^Ct^^r^T^-f ^^^^MH-^3 2 2, 3 2 3, 3 2 

1 3 *#^o 

[0 16 9] 
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3 2 2. 3 2 3. 3 2 1 3 =^#^-t^^''t:'^^<t^tr5S:;i,o 
#^ C i: ifX^ § ;S> i l-'S: ^ o 

mi'^mm^K. ^^^t^Bof^^^-. h ^^^^^^^^^^ 
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> V :^ BMb c =^#-C. >l^ib<7)y9 h V ^ BMa B > BM 

Tc > BMb c =^fflV^T*lJfe*^f a -t-e. CT«^A. ^P«-^B. ^P«-tC<^S^W 
T^-f i^^;V'ft-t3 2 2^ 3 2 3. 3 2 1 3 ^#;&i^«ft^fflV^-C^> J:v>o 
[0 18 0] 

13^^§|53 2 0 1 (113 3) -^MMSE^^T^ i^^^-t^ii. #tl^«n/cmi9^#'ao 
^'(ht'V v^^iJ'Mt-^S 22. 323. 3213 i ^^^"^^ ^ ^}iifi5^iJ^^fZo 

[01811 

(«<^M8) 

10 18 2] 

1213 4 i::. 1 6 Q AMco#^,irjSSt$#'ff^^^«-t*<^-'^J^^i"o I14'> 3 4 0 1 
3 4 1 6 {± 1 6 Q AM<7)>»-i-..ir mmm^^.) ^^LTi3 l). 3 4 17 (iS^SlW-^^^ 
M-^.-^^ (Sm*) ^^L-CV>;&o t/clIS 4 {f-^,-^>3 4 0 1 3 4 1 6 (?) 4 tf y 

hc7)M# (SO, SI. S2, S3) ^>[WIBttC7]sL-CV^;5>o 

[0 18 3] _ ^ 

2^«(^?^Sfi0 1 "^--^ hOf|5^lf^> hflJ^e^^'ST'fi. tii:i6t'. S'g^-^<^#-^.'S3 4 
1 7 t 1 6 Q AM(7)>ff-^.>^.3 4 0 1 ^i^i^ 3 4 1 6 tO:!-^ 'J v FSEil^^*. 
-i^ i; >7 KSE^^:^^ 1 6 Q AM^Ojf-t.a;^^*?). '?-<7)M^.'^,-e7K^ tt;?) 4 h 
;i,o HIS 4(7)fO-e{±. 4 1 7 hCD*/h^-^' U -7 KSE^O'fs^.^.i LT'fa-^.>^.3 

4 0 7 /^(^^IttB $ tL. 'e-<^4t^,#.3 4 0 7t?^igtL2. 4 e h<^tf h^Jt LT (SO, S 
1,S2, S3) = (l, 1, 1, 1) ^^*^^o 
[0 18 4] 

^t::. 4e-;/h (SO, SI, S2, S3) (0^f\.^^fL\zti\^. \XT(0 t-)tj:3-- ^ ^) 
[0 18 5] 

e -7 h S 0 h LT " 1 " ii^i^^^ fz<D-X\ }£y yn (SO, SI, S 2 , S 3 ) to S 0 
(DiiWK "0" lrt;S4S^.>^.^^mi-^o ^^It^tLT. 4S-^.*i3 4 0 1 . 3 4 0 2. 
3405. 3406. 3409. 3410. 3413. 341 Am^hix^o -etT. 
tLf, 8o<;o«^.^h^4S*3 4 1 7 t<^:2— iJ'i; F«=lr^ie>. Mi>4^^\^^^~ ^ V y 
KiJg^Dm i n . s 0 <7)'fit=l:*i6;?>o 

[0 18 6] , ^ 

mm^^. SltLX "1" y!}^^t-ofz(DX\ }fy (S 0, SI, S2, S 3 ) «0 S 

1 (DinwK "0" ^ t ^m^j^.^mm^^c ^^^^t lt. -g^.'^. 3401. 3404 

3405. 3408. 3409. 3412. 3413. 341 em^hfi^o -g-LX. 
[0 18 7] 

tfl;ittc. S 2 iLT "1" Ti-'^tofcO-e. }£yVn (S 0,_S 1, S 2, S3) OS 

2<7)^mi^ "0" ^t^m^,^.^mm-r^o mm^^WztLx^ in^^^.s 4 o 9. 3410 

3411. 3412. 3413. 3414. 3415. 341 6i)mhfl^o ^LT. 
^^fih S'^<Dm^J^^t^m.^.3 4 1 7 t(D^~^V y Fii&gt=tr*i6. v^^- 'J 

FSE^Dm i n , S 2 <DiU^^)st>^o 

[0 18 8] ^ ^ 

IWI^tc. S3i:LT "1" Tb^^t^fzOX^ \£yYn (SO, SI, S2, S3) OS 
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3(DiimK "0" ^t^m-^,^^mmir:ho mmm^tLx. 4 o i. 3402 

, 3403. 3404. 3413. 3414. 3415. 341 em^hfi^o ^LT. 
itL^ 8 0(D>ff-i-.6:t^jt,i5;3 4 1 7 t(D:^-^V y FSE^=Sr*i6. ft^b/h$v^^-^ V 

y K«Dm i n , S 3 (Dm^-^>l^^o 

[0 18 9] 

jt*3 4 0 7 t(DJ-~^V y *'J)/>$v>j--^ U y Kji&^Dm in. s x O 

[0 19 01 

-f-LT. Dm i n , S 0 . Dm i n , S 1 . Dm i n , S 2 . Dm i n , S3 COCPtT. 

. S 0 ^-^^i-^o ot S^-ffi^i:^ ^>0:^^~Dm i n , sytr^o/i^^. S y 
ai-'5>o ^. tf-;' (SO, SI, 8 2, S3) (D^-^^ *'J>?t^-e, Lv^e-;' 

[0 1 9 1 1 
[0 19 21 

^-f. T.T^y'fSTQ'^^m-^mm-r^t. 7.Ty'fST\-r^'^\n^3 4 1 7 h(D^- 
^ i; Fm^765^*/hO{^?l«^.'?, 3 4 0 7 ^^ffi-T^o 

[0 19 31 ^ ^ 

\X X y S T 2 -eti. j^ttM^* 3 4 0 7 i::M)Sf ^ e >7 > ^0 ( 1 , 1 , 1 , 1 ) 
tfi^ ^y b ^ 1 ^y V-f^K^^'^^o :^7-y T'S T 3 ^R^if :y htt^::. 

'fS.-^.fc^x-;^7°ST3-t:^mL/c«<7)j^M{t-i-.'^-r«1-t:-<7)#^^^ KSE^^^tHi-r 
yS T 51:{±. v^T-^>'7°ST4-et^mL/s:^R^tf>y b^c7)*/h^-^"; K 
SE^cOPf'-^^m^^O^-i:^ V K«=^mttl^^o >^-r-;':/ST 6-e{±. 7>-f<7yST5-^ 
Lf^ff:^^- V y vrnmi^MlB-t^ If h 75-*. JJ^ X S T 1 -e^Ui ^ tL/i«fe 
* 3 4 0 7 X-m^f^^ }£y (I, 1 , 1 , 1 ) (O^XWLi>ism^<^'^^^ ^ y > 

;h'tLx. ^Mm^^y tLxmm-t^o 

[0 19 41 

o^^. yST 2:0-^J^T-^;'7'ST 6-e(±. ^^/S T 1 -e^tB b/i^^tft^ 

T 7 tr^2kil^*«-T-r^o 
[0 19 51 

mnm^.^.^WL. ^^rnvtzimm^j^i^nm-r^ ^y h^ijt^^ttL^ ^y b ^ i o-r 

L/cft^^-^^ V Fmitt^MlS-r-l) ^y V ^^^^y V t LT^fe-r ^ X^\,zLfz:it 
[0 19 61 

iit?. iOi^Jfe 1 hf!j^T;V=!'UXA=^. flS^e^;/ h*lja§|55 0 9. 5 1 2 -e 

*^f-r^ J; ^ m^x\^>^mm<7)W^K^^^w>'^^y > (i ^'^■5' >) ^^^-^^^ 

[0 19 71 
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o 2 ^**i6T 'fc iwi^ic^Mi" ^ t ^^~-e ^ o 

[0 19 8] 

om^t?i±, 1 ejfi^T^^jMPlM^^lr^'RL/^t mi OB. gl 1 4 B iC/js 

^mm-r^mnm^^<^^^^ u'j^^y ym^^^^^i^^f^^ (k<m) H^-yh^^^o- 
;&o t'i-z^^^^y y^^iib^m^<Dmm<D^ifiji^^ hisb. hiob. iai4B. mi 

6. mi?, m 8tc|5ie>-f. ^\]<Dm^^n^Mmir^^ti>x-^:ho 
[0 2 0 0] 

[0 2 0 1 ] _ _ 

[0 2 0 2] , ^ , 

[0 2 0 3] 

[0 2 0 4] 

y(D^^m.m-r^(^x\ /^--^v^tg^i-efiJ^H^-y ^=tr#^^:a:/6^^■ei^o ^/c;^^^ 

[0 2 0 5] _ ^„ ^ 
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[0 2 0 6 ] 

^«-rV V ^ Mb ^ t -^X i * i 9 * ^ o 
[0 2 0 7] 

:^mm<D§:m^Mco—^<Dmw.Kis^^xi±. ^^mm^<^^^miMiz&'^^^x:. m-^.^. 

[0 2 0 8] 
[0 2 0 9] 

Kb. ^^m^y vmz. Kn^y y ^-^m%m(Dmmm^}^.^mmL. ^K^\£y_v^ 

y m<Dmi4^^- ^ y vmm<7)^x^iz(D^~- V y Km^=sr^mL. ^rnvtzMi^^- 
^ >; y vmmKnmir:^ i^^y v ^mmu^^y hti-^u^}£y vm^ut^Mm-t^ 

[0 2 101 

^:(^^S^i;J;tL(f. U^\fy ^m^UKX^X. i£orv>;i,lt^(^#'i'tc®v^ 1 }fy h 
[0211] 

\^^fz^^'^ )vm^^fm (D^nm^n j; ^ r ^^mm-w ^ ^^a^^-r ^ ^^^15 1 . $ tLfc 

[0 2 12] 

3p:#&^<^^jS^M<^— 0(7)i^;tttl^V^-Ct±> ^|S:S-1f -7 h^i^lJ^fMi> MMSE (Minimum 
Mean Square Error) m^i:^ ^ ^ t K X y) ^^mm^^^Mi- ^^mUt^ ^^$tL/c 

[0 2 13] 
[0 2 14] 

mim^.^^-MJB-t^ ^y hm^^tfi^ \^y h ^ 1 o-f o^^-t^ hRfey^x^' 
^T.y'yy't^ ^K^^y y^om^^^-^ V y Y^mM'^^XM^'^^- ^ ') -y KSE^^ 

[0 2 15] 

i <D^m X flit, mybmmmn^^mm 7.^y -fx^d^ t tzmm^^'^. \zx^u^f\^^ 
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[02161 

mmm t . ^^siti^ j: ^ # fitz^mm^ ^mmir^r^^T-tt^ Mir ^m^'^n^o 

[0 2 17] 

J;:t^^^^ Smifl-e, M-^-fe-^ M*10#-^.irjcitii,^ey h ^^^Iji^-ofl^j^iti- 
[0 2 181 
[0 2 19] 

[0 2 2 0] 

[0 2 2 1 1 

-e i ^ J: ^ I- >fe ^ o 
[m^JiOflJ^RTtlttl 
[0 2 2 2] 

-^mR(^^WWBLX^'&'m^W.\-i'. '^llx.ifMIMO (Multiple-Input Multiple-Output 

[iiiMcoffi#'&m0>?] 

[ 0 2 2 3 ] 

[mi] 2is:|§Hj<7)«(^»U ^^'^^^2l«^ffl:<^W^^i-:^n«;/^'ll 
[1112] ^M<^51^iUO'7 V-A#^=lr^-tIll 

[1113 1 ■^mmwkm^mi \z^^^\tmm.(om'^^7^^-^'^'y 

[1114] SM^®c^{i-^^2{kSfP<^«^^^1-^^^n ^0 

[H 5 ] ^M<75ratr43tt^m$'ff T >^-^<0M#*7rc1-|li_ 

[me A] ^PM-^Alx^ffl-r^ 1 6 QAMOtf >y MB«=l::^i-|l 

[0 6 B] ^M-^Bic^tffli-;s> 1 6 QAMcoe-;; Maa^TF-rm 

[117] 16 QAMO^p^-^Afc 1 6 Q AMcD^p'fi^B ^^fe L/z ^1 ^ <^aS>fW 
[USA] 1 6 QAM(7)e-y MBtt^TF-rm 

[HIS B] l^43lt^^ 1 6 QAM(7)^^lf hfIJ5SOfca60^;^:9'#J<^ 

[m 9 ] 1 tcj3tt*##.'^/iiJ-^5t^<^'fM^J^^^^^^i"Ill 

[01 OA] 1 6 Q AM<7)l£y Mfi*=^7F:-r0 _ 

[0 1 0 B] 16 QAM0 2 > ^U^^'^--^ yn^'t^fz^(n>m!^'^n(r>%:1j-^7^ 

i-0 

[0 1 1 1 %m(ofm^ 1 <^^«^*c)«^=^7i^-r-7^n v^m 
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[dii 2B] 0 1 i(Dmmmw:^-hmm^fi^wimm-^B(Dyu~Amm^7;^-rm 

[HI 4B] mM<Dj^'m2<D'^mmw:Kx^m^^y ymjEjm<Dm^^m<oji:-^^7T: 
-rm 

[HI 5 1 mtU(^f^M 2 (Dm^mMW^\l(^W-J^^it7i^iry''u ^ 11 

[m 1 6 1 6 4 Q AMom-^mm't^irm 

imi 7] nm<^'mm3<Dmmmw:\i^i^m-^^mmi. w^mmm^zx^hu^^y 

[HI 9] mM(^im'A(D^^^^W(om^^i^^-fuy 

[m 2 0 1 mn<omm 4 (D^mmw:<r)m^^m^<Dm!^^yi^-ry'u y^m 

[m 2 1 ] HI 2 0 mm^mmu ^^^^ mnm^'^mm Ki^ir ^ m 

[m 2 2 ] m-m(oMm 4 o{f^^sfi?osijo«^f!i ^73^1-7^0 y^m 

[m 2 3 1 mm<^Mm 5 (Dw^itu<Dm^^^iry'u y^m 

m2 4A1 nm<D=mm5K^if^^mm-^A(Dm^^'y vi:mM-t^m^^y 

[H 2 4 ci mm(Dmm 5 <Dii:m^^^<^Mj^^y^^-tB 
m 

[!1I2 81 BPS K«-^=^fP^tf y vm^ir^f^i^<DmWj^m<D^1o^7J^irm 

[1112 9] mM<Dfm7 cDmm^W(Dm)i^'^y^-^y^^'y 
[113 0] miM<Dmm7 <Dyu-Am]^^7i<irm 
[031] mm<Dwm 7 (^S'e^®o«^=£r^i-:^n <y h 

[03 2] ^Jfeom^7 ^C^3lt^^m^e<^«-i-^SiM^«^^/Fl-^^n ^ 0 
[03 3] mJfeOM 7 t;^tt^S{t^a(7)«-^j!!kaf|5<75SlJ(75«^=lr7js-r7'n ^0 

[03 4] mm(Dmm s<Di\^y v mMi&^<^mMKm-r 

[03 5] Mm(Dj^m8<7)i vm^inkm^M'kTis-tyu--^^- V 

[0 2 2 4] 

100. 1100. 1900. 2900 ^'©^S 
102. 110. 1102. 1112. 2902 ^MU 

108. 116. 301. 311. 1110. 1120. 1301. 1311. 290 

8. 3 10 5 T>Ti- 

300. 1300. 3100 ^immn 

307. 309. 317. 319. 1307. 1309. 1317. 1319. 310 

1. 3103. 3111. 3113. 3115 ;V^tb«^f 15 

308. 310. 318. 320. 1308. 1310. 1318. 1320. 310 

2. 3104, 3112. 3114. 3116 ^-^^V^ttfe"^ 

321. 1321. 2000. 2200. 2600. 3117 m-^i&MU 

322. 323. 1322. 1323. 2004. 3118. 3213 ^mr^^J^ 
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5 0 7. 3 2 0 1 

5 0 8 ^iS'(t^A<^li^^-^/t> K^f-^ 

509. 512. 3208 U'^^ y 

510. 513. 3209 UlQ-^^ ^'lf^ 

511 ^mm^B(7)m^^~:^^^y V'lw-^ 

514. 516. 3210 # ^.#.f!li^^ 

5 15. 517 nM^(Dm^j^.mm. 
5 18. 3212 -zmm^u 

550. 2610. 3230 y VUM^ 

1902. 2300. 2500 W-^^tU 

3 2 0 7 ^mm^com&^-^^^^y vm-^ 

3 3 0 1 MfPf!5 
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